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Rhododendron macrophyllum is a dominant species in.the shrub 
stage of secondary succession on burned and logged sites in the Tsuga 
heterophylla zone of the western Cascades of Oregon. A study was 
undertaken to determine if R. macrophyllum has the potential to inhibit 
the germination and growth of surrounding ~egetation through water-
solub le toxins which .. are produced in its leaves and leached out of its 
litter by rainfall. 
Aqueous extracts of R. macrophyllum leaf litter significantly 
reduced germination and radicle growth in Btomus tectorum, ·Epilobitim 
ansustifolium, Picea sitChensis, ·pseudOtStiga·menzieSii, and·Tsu8a 
heterophylla. Osmotic pressure of the leaf extract solution was 
determined not to be a significant causative factor in the inhibition 
observed. 
Field studies showed four plant species to increase in frequency 
of presence with increasing distan~e from _1!. macrophyllum drip lines. 
Two species, both ericaceous, decreased in frequency of presence. 
Five species increased in density with increasing distance from R. 
macrophyllum drip lines, while only one species, which was ericaceous, 
decreased, It is postulated that these patte~s result fr~ the 
allelopathic influence of _1!. macrophyllum. Members of the Ericaceae 
are thought to either have a common response to environmental con-
ditions or to be able to tolerate the toxins produced by members of 
thei~ family. 
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INTRODUCTION 
Allelopathy, the chemical inhibition of one plant by another, has 
been suggested to have an important role in determining the species 
composition of plant communities (Muller, 1966; Whittaker, 1970). 
Whittaker and Feeny (1971) have suggested that in plan~ succession a 
dominant species may, by allelopathic suppression, delay its replace-
ment by invaders and limit the number of species able to occur with 
it. This has been shown by many workers to be a major mechanism 
affecting species composition and plant succession in shrublands in 
semi-arid environments (Muller, Hanawalt, and McPherson, 1968; McPher-
son and Muller, 1969; Hanawalt, 1971; Chou and Muller, 1972; Halligan, 
1973, 1976; Christianson and Muller, 1975a, 1975b). These studies have 
shown both volatile and water-soluble inhibitors to be effective in 
controlling vegetation in semi-arid environments. Less evidence is 
available for the allelopathic control of vegetation by dominant shrub 
species in humid environments. Although volatile inhibitors are known 
to be present in plants from humid environments (del Moral and Cates, 
1971), their effect in the field in these environments has been ques-
tioned (Muller and del Moral, 1966; Muller, 1970). Muller (1970) and 
Whittaker (1970) have suggested that phytotoxins produced by plants· are 
waste products and that their method of release has evolved as a 
response to environmental conditions. Whereas volatile phytotoxins are 
more common in arid environments, water-soluble toxins (released by 
leac~ing) are more prevalent in humid enyironm~nts. 
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Several Ericaceous shrubs from both arid and humid environments 
have been shown to be inhibitory to a number of species. Del Moral and 
Cates (1971) showed aqueous leaf and litter extracts of Arbutus ~­
ziesii and Rhododendron albiflorum to be inhibitory to Bromus tectorum 
a d Pseudotsuga menziesii seeds in laboratory bioassays. In associated 
f eld studies these two inhibitory plants were also shown to reduce 
s bordinate vegetation. Muller, Hanawalt, and McPherson (1968) showed 
t at water-soluble toxins released from the crowns and leaf litter of 
and A· glauca were inhibitory to a numbe~ of 
parral species in southern California. Fire or artificial removal 
of the shrubs resulted in increased gro~th of underlying herbs and 
sh ub seedlings until shrub dominance was re-established (Muller, Hana-
wa tf and McPherson, 1968; Chou and Muller, 1972). 
Rhododendron macrophyllum G. Don (Ericaceae) is a common under-
s t shrub on moderately dry sites in Tsuga heterophylla and Pseudo-
ts a menziesii forests in the Tsuga heterophylla zone (Franklin and 
Dyrness, 1973) of the western Cascades of Oregon. It is commonly the 
dominant species in the shrub stage of secondary succession on burned-
over and logged sites (Franklin and Dyrness, 1973; Dyrness, 1973). It 
may often be present in these cleared areas as a residual species which 
has regrown from surviving roots (Dyrness, 1973). As such it has the 
potential to have a large impact, through both competetion and allelo-
pathy, on slower growing or later arriving species and ultimately on 
the rate of regrowth of conifer species and re-establishment of the 
forest. 
The purposes of this study were to determine if Rhododendron 
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macrophyllum has the potential to inhibit the growth of other species 
through the production of water-soluble toxins which are leached out of 
its litter by rainfall, and to determine if this potential is realized 
in the field. The study was therefore composed of two part: 1) a 
series of bioassays to determine the presence an~ activity of water-
soluble phytotoxins in R. macrophyllum leaf litter, and 2) a field 
study to describe vegetational patterns associated with R. macrophyllum 
in a western Cascades clearcut. 
l· 
;... 
METHODS AND MATERIALS 
BI OAS SAYS 
Five species were tested for inhibition of germination and 
reduction in radicle growth when treated with aqueous Rhododendron 
macr6phyllum leaf extract: Bromus tectorum L. (cheatgrass), Epilobium 
angustifolium L. (fireweed), Picea sitchensis (Bong.) Carr. (Sitka; 
spruce), Pseudotsuga menziesii (Mirbel) Franko (Douglas-fir), and Tsuga 
heterophylla (Raf.) Sarg. (western hemlock). (Nomenclature used here 
follows Hitchcock and Cronquist (1973).) E. angustifolium, K· ~~ 
ziesii, and T. heterophylla are found on western Cascades sites where 
!· macrophyllum occurs. P. sitchensis is found in a narrow strip 
along the Oregon and Washington coast where !· macrophyllum is also 
found. !· tectorum is a very common grass found east of the.Cascades, 
not .typically in association with R. macrophyllum. It was chosen for 
use in bioassays as a consequence of its high germination rate and 
convenient seed size. 
B. tectorum seeds were obtained from the collection of Dr. Robert 
Tinnin at Portland State University. I collected E. angustifolium . 
seeds in October 1976 from my field study site in the Clackamas River 
Drainage (described and discussed later in this manuscript). Conifer 
seeds were donated by the Crown Zellerbach nursery in Aurora, Oregon, 
where they had been stratified.for several months. The conifer seeds 
were kept in a freezer at Portland State.University until use. 
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Recently fallen R. macrophyllum leaves were collected in October 
1975 before the winter rains had begun in the Mt. Hood National Forest 
near Rhododendron, Oregon. The leaves were allowed to air-dry in the 
laboratory for several days before use. 
In preparation for each bioassay, dried leaves were ground to a 
powder in a Waring blender. The extract was prepared in two batches. 
In each batch 50.0 g of ~round leaf material was mixed with 500 ml of 
distilled water and shaken for 30 minutes. The two batches were then 
combined and filtered through Whatman #1 filter paper. The yield after 
filtration was approximately 800 ml. 
The bioassay seed bed consisted of st'eam-washed white sand which 
was rinsed three times in distilled water and dried in an oven at 100° 
C for 24 hours prior to use. A weighed amount of sand (see individual 
species treatments for exact amounts) was placed in each of several 
9 cm diameter glass petri dishes and moistened with a measured volume 
of leaf extract solution. Sand in control dishes was moistened with 
distilled water. Seeds were placed on the sand or on filter paper 
(Whatman #1) placed on the sand. In the E. angustifolium 2 !_. sitchen-
sis, and 1.· heterophylla bioassays, sand in a third set of dishes was 
moistened with!· macrophyllum leaf extract which had been diluted 1:1 
with distilled water. This solution is hereafter referred to as half-
strength extract. Except for .!· angustifolium, seeds were soaked for 
two hours in their respective test solutions prior to being placed on 
the sand or filter paper. Dishes were sealed with Parafilm and pla~ed 
in a growth chamber for various lengths of time, depending on the 
species. Similarly, temperature and photoperiod were varied according 
to the germination requirements. of each species. Temperatures and 
photoperiods used in the conifer species bioassays were taken from 
those cited in U.S.D.A. Forest Service Agricultural Handbook No. 450 
(1974). 
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Since inhibition of germination and growth could be caused by 
osmotic pressure effects of the leaf extract solutions, additional bio-
assays were conducted in which the sand in a series of dishes was 
moistened with aqueous solutions of sucrose (in the case of Bromus 
tectorum) or mannitol (in the cases of the other test species) of 
various concentrations, in order to determine the effects of concen-
tration on germination and radicle growth. Concentrations of sucrose 
and mannitol used were 0.01, 0.02, 0.05, 0.10, 0.15, and 0.20 moles-
liter-l and 0.25 moles-liter-1 in the case of E. angustifolium. Sand 
in control dishes was moistened with distilled water. Dishes and seeds 
in these bioassays were prepared exactly like those in the leaf extract 
bioassays. The mannitol bioassays were run concurrently with the leaf 
extract bioassays in the tests conducted on P. sitchensis and T. 
heterophylla. In the cases of !· tectorum, !· angustifolium and P. 
menziesii, the sucrose and mannitol bioassays were conducted subsequent 
to the leaf extract bioassays. 
At the end of each test period, the dishes were removed from the 
growth chamber for counting germinated seeds and measuring radicle 
lengths. Germination rates were analyzed by the chi-square test. Mean 
radicle lengths were analyzed by the t-test or by the Student-Newman-
Keu1s test, depending on the number of means being compared (Sokal and 
Rohlf, 1969). 
Treatments for Individual Species 
Bromus tectorum. Each dish contained 40.0 g of sand moistened 
with 11.0 ml of solution. Ten seeds were evenly placed on the sand in 
each dish. Six dishes were used for each sucrose treatment. Dishes 
were placed in a growth chamber for 48 hours at 25° c·in complete 
darkness. 
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Epilobium angustifolium. Each dish contained 40.0 g of sand 
moistened with 13.0 ml of solution. Whatman #1 filter paper was placed 
on the sand. Forty seeds, from which the pappi had been removed, were 
then placed on the moist filter paper in each dish. The pappi were 
removed by rubbing the seeds on a No. 20 U.S.T.A. Standard Testing 
Sieve. Ten dishes were used for each of the water and extract treat-
ments and four dishes were used for each of the mannitol treatments .• 
The dishes were.placed in a growth chamber for 72 hours at 25.5° C in 
complete darkness. 
Picea sitchensis. Each dish contained 50.0 g of sand moistened 
with 15.0 ml of solution. Whatman #1 filter paper was placed on the 
sand. Twenty-five seeds were placed on the filter paper in each dish. 
Ten dishes were used for each of the water and extract treatments and 
four dishes were used for each of the mannitol treatments. Dishes were 
placed in a growth chamber for 14 days with a ph~toperiod of 8 hours 
light at 30° C and 16 hours darkness at 20° C. Both incandescent and 
fluorescent lights were used. 
Pseudotsuga menziesii. Each dish contained 40.0 g of sand 
mois~ened with 12.0 ml of solution. Twenty seeds were placed on the 
sand in each dish. Ten dishes were used for each of the water and 
extract treatments and four dishes were used for each of the mannitol 
treatments. Dishes were placed in a growth chamber for 12 days with a 
photoperiod of 8 hours light at 30° C and 16 hours darkness at 20° C. 
Both incandescent and fluorescent lights were used in the growth 
chamber. 
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Tsuga heterophylla. Each dish contained 50.0 g of sand moistened 
with 15.0 ml of solution. Whatman #1 filter paper was placed on the 
sand. Twenty-five seeds w~re uniformly placed on the filter paper in 
. each dish. Ten dishes were used for each of the water and extract 
treatments and four dishes were used for each of the mannitol treat-
ments. Dishes were placed in a growth chamber for 18 days with a 
photoperiod of 16 hours light at 20° C and 8 hours darkness at 20° C. 
Fluorescent lights only were used. 
Determination of Concentration of Leaf Extract Solution 
In order .to determine the effects of the osmotic pressure of the 
leaf extract solution on germination and radicle growth, the concen-
tration of the aqueous extract solution was determined. Freezing 
pain~ depresssion is a colligitive property of solutions. The amount 
by which the freezing point of a solution is lowered is approximately 
proportional to the .number of moles of solute dissolved in a given 
amount of solvent (Shoemaker and Garland, 1967). The chemical compo-
sition of the aqueous Rhododendron macrophyllum leaf extract used in 
the bioassays was not known, but since it was most likely a mixture of 
substances, it was assumed that the freezing point depression caused by 
dissolving a weighed amount of dry solute in a measured amount of water 
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would be a reflection of the average molecular weight of the substances 
present in the solute. 
A meas.ured volume of leaf extract solution was first flash-evapo-
rated until it had the consistency of a thin syrup, then freeze-dried 
to dryness. The amount of dry solute obtained was weighed. This dry 
solute was then used in the freezing point depression experiments. 
The procedure used for determining molecular weight from freezing 
point depression was adapted from Shoemaker and Garland (1967). A 
Dewar flask was used for the cooling bath containing an ice-salt 
mixture. Placed in the ice-salt bath was a large test tube (25 x 
195 mm)· held in place. by a fitted piece of cellulose sponge. Held 
inside this test tube was another, smaller test tube (18 x 150 mm) into 
which was introduced the aqueous leaf extract solution. Fiberglass 
insulation was added to the air space between the test tubes to provide 
additional insulation to insure a low and uniform rate of cooling of 
the solution. A Beckman thermometer with graduations of' 0.01° C was 
used~ The thermometer was calibrated by establishing cooling curves 
for distilled water before and after each test was made. 
A weighed amount of dry solute was added to a measured volume of 
distilled water (see Appendix A for exact amounts). When the tempera-
ture of the mixture approached o° C, temperature readings were taken 
every 30 seconds while the extract solution was constantly stirred with 
a stainless steel stirrer. From the cooling curves so obtained, the 
freezing point of the mixture was determined. As a control, additional 
freezing point determinations were made, using a known solute (mannitol) 
of a known molecular weight. Once the freezing point depression was 
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known, molecular weight could be calculated from the following formula 
(Shoemaker and Garland, 1967): 
g solute Kf 
Molecular weight = 1000 x g solvent x 8Tf 
Kf = molal freezing point depression constant 
(1.855 deg-mole-1 for water) 
8Tf = Difference between freezing point of pure solvent 
and depressed freezing point of test solution 
FIELD STUDY 
Site Description 
The study.site selected was clearcut in 1967 and was located in 
the Clackamas River drainage in the Mt. Hood National Forest (U.S. 
Fore~t Service, Tri-compartment 3203, Sale No. 42C2). It was located 
on a~north facing slope at an elevation of 975 m in the western Cas-
cades (Section 11, R7E, 6S, Willamette Meridian). The site was logged 
by tractor and subsequently burned. It was replanted in May 1971 with 
13,000 trees, approximately half of which were three year old Pseudo-
tsuga menziesii and half of which were four year old Abies procera. 
The adjacent forest is predominantly Tsuga heterophylla and Pseudotsuga 
menziesii. Rhododendron macrophyllum is the dominant shrub species in 
both the clearcut area and in the adjacent forest. 
Methods 
The study was conducted over a two month period - June 15, 19/7 to 
August 15, 1977. The site was divided into 900 10 m x 10 m quadrats, 
from which 20 random quadrats were selected. Within each quadrat, 
density of each species present was measured as a function of distance 
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from the drip line of the nearest Rhododendron macrophyllum plant. 
A 0.5 m x 1.5 m belt.transect was laid out in four directions 
(corresponding to the grid lines of the study site) from the drip lines 
of all!· macrophyllum plants within the quadrat. In order to avoid 
the additive effects of two!· macrophyllum plants, a belt transect was 
judged suitable only if no other !· macrophyllum plant was located 
within 3.0 meters of the drip line of the ~· macrophyllum plant in 
question in the semicircle bisected by the midline of the transect (see 
Figu!e 1). A total of 97 such belt transects were analyzed. 
Each belt transect was divided along its length into fifteen 
10 cm x 50 cm q·uadrats. Within each of these smaller quadrats, all 
plants of every species were counted. Where it was impossible to 
determine the exact number of individual plants of a particular species 
which were present, either the number of aerial shoots was counted 
(Epilobium angustifolium and Anaphalis margaritacea) or merely presence 
or absence was noted (Gaultheria shallon). The several Rubus species 
and Vaccinium species were classified simply as Rubus spp. and Vaceini-
um spp. •. Since three-year-old Pseudotsuga menziesii and four-year-old 
Abies procera were planted at this site in 1971, it was arbitrarily 
decided to count only those individuals of these two species which were 
less than one meter tall. Results were tabulated to see if individual 
species densities increased with increasing distance from R. macrophyl-
lum drip lines and if the number of species present increased similarly. 
In analyzing the results, linear regression was used to see if there 
was a significant linear relationship between distance from drip line 
and the following variables: species presence or absence, mean number 
13 
0 
~ 
12 
\ 
0.1 x 0.5 m quadrats 
Belt transect was judged appropriate 
only if no other !· macrophyllum 
plants were present in this 
semicircle 
Figure 1. Method for selection of appropriate belt transects 
in field study. 
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of species present, vegetation presence or absence, individual species 
densities, and total plant density. Since distance from drip line was 
not measured as a continuous variable but in discrete units, the dis-
tance used for each quadrat was the farthest point of that quadrat from 
the drip line (e.g., the distance used for the 0.1 to 0.2 m quadrat was 
0.2 m). Regressions were based on total observ~tions, or their me~ns, 
for the 97 belt transects. 
RESULTS AND DISCUSSION 
BIOASSAYS 
Effect of Aqueous Rhododendron macrophyllum Leaf Litter Extract on 
Germination Rates 
Aqueous extracts of dried Rhododendron macrophyllum leaf lit~er, 
when applied to the sand in the germination dishes, significantly 
reduced germination rates (0.05 confidence level) in Bromus tectorum, 
Epilobium angustifolium, Picea sitchenis, Pseudotsuga menziesii, and 
Tsuga heterophylla when compared with the effects of water (Table I). 
When diluted to half-strength with distilled water, the aqueous extract 
significantly reduced germination in E. angustifolium and P. sitchensis 
when compared with water. 
The concentration of the leaf litter extract was determined for 
three preparations: those used for the B. tectorum and P. menziesii 
bioassays, and a third which was used in a preliminary bioassay not 
reported here. In all three cases the concentration was determined to 
be approximately 0.05 Molar (see Appendix A). In all other bioassays 
the concentration of the extract solution was assumed to be approxi-
mately this same concentration, i.e., 0.05 M. 
When sucrose was added to the Petri dishes in the B. tectorum 
bioassays, concentrations up to 0.20 M had no significant effect on 
germination (Table II). Similarly, when mannitol was added to the P. 
:-
menz~esii dishes, concentrations up to 0.20 M did not significantly 
TABLE I 
GERMINATION RATES OF TEST SPECIES WHEN TREATED WITH 
AQUEOUS RHODODENDRON MACROPHYLLUM LEAF 
LITTER EXTRACT, EXPRESSED AS 
PERCENT OF CONTROL 
Treatment 
SpeCies 
Extract 
Bromus tectorum 67a 
Epilobium an~ustifolium 77a 
Picea sitchensis 60a 
Pseudotsuga menziesii 3a 
Tsuga heterophylla 56a 
15 
~ Strength 
Extract 
b 
g3a 
aoa 
b 
. . . 
goa 
asignificantly different from controls at 0.05 confidence level 
or better as determined by the chi-square test. 
bNot test.ed. 
TABLE Ir' 
GERMINATION RATES OF TEST SPECIES WHEN TREAT~D WITH 
AQUEOUS SOLUTIONS OF SUCROSEa OR MANNITOL , 
EXPRESSED AS PERCENT OF CONTROL 
Concentration, moles-liter-1 
Species 
0.01 0.02 0.05 0.10 0.15 0.20 
Bromus 
tectoruma 103 101 103 103 96 98 
Epilobium 
110 105 90 94 77d 62d angustifolium b 
Pseudotsuga 
menziesiib 102 100 100 98 98 82 
aBromus tectorum seeds were treated with sucrose. 
bE. angustifolium and P. menziesii seeds were treated with 
mannitol. 
cNot tested. 
16 
0.25 
c 
. . . 
27d 
c 
dSignificantly different from controls at 0.05 confidence level 
or better as determined by the chi-square test. 
17 
reduce germination when analyzed by the chi-square test in a 2 x 7 
contingency table (Table II). It should be noted, however, that 0.20 M 
mannitol may have an inhibitory effect on germination of R_. menziesii. 
When compared with all other concentrations lumped together in a 2 x 2 
contingency table, 0.20 M mannitol did significantly reduce germination 
in P. menziesii. When compared with water alone, there was no signi-
ficant difference. 
Although mannitol concentrations of 0.15 M, 0.20 M, and 0.25 M 
reduced germination in~· angustifolium, concentrations below 0.15 M 
did not significantly reduce germination (Table II). As with B. tee-
- --
torum and f· menziesii, the leaf litter extract bioassays were not run 
concurrently with the mannitol (or sucrose) bioassays, so direct 
analyses of results cannot be made. However, certain conclusions can 
be drawn from a comparison of the two experiments. The 0.05 M mannitol 
reduced germination of E. angustifolium slightly (90% of control), but 
not significantly at the 0.05 confidence level. On the other hand, the 
leaf litter extract, which was assumed to be approximately 0.05 M, 
reduced germination significantly at the 0.001 confidence level (77% of 
control). When the extract was diluted with distilled water to half-
strength, the reduced germination rate {83% of control) was also signi-
ficantly different from controls at the 0.001 confidence level. From 
the above results it appears that although germination of !• angustifo-
lium can be inhibited by concentration effects at concentrations above 
0.10 M, the inhibition observed in the extract treated seeds of_!!. ~-
torum, f· menziesii, and !··angustifolium can be attributed to phyto-
toxic effects of the extract rather than to concentration effects. 
18 
Increasing concentrations of mannitol tended to reduce germina-
tion in Tsuga heterophylla, but there was a significant reduction (0.05 
confidence level) only at concentrations of 0.15 m or greater (Table 
III). When compared with the 0.05 M mannitol and 0.02 M mannitol, the 
leaf litter extract and half-strength extract, respectively, reduced 
germination'significantly (0.05 confidence level· or better; Table IV). 
Correspondingly, germination rates of seeds treated with 0.02 M and 
0.05 M mannitol did not differ significantly from germination rates of 
seeds treated with water. 
In the Picea sitchensis bioassays, mannitol concentrations of 
0.05 M or greater significantly reduced germination when compared with 
water (Table III). However, the leaf litter extra~t significantly 
reduced germination both when compared with water (0.001 confidence 
level) and when compared with 0.05 M mannitol (0.01 confidence level; 
Table IV). Although the half-strength extract reduced germination 
significantly when compared to water, when compared with 0.02 M mannitol 
(of presumed slightly lower concentration than the half-strength 
extract), there was no significant difference between germination rates 
(at the 0.05 confidence level). However, these effects can be arranged 
on a continuum, so exact interpretation may be difficult, i.e., germi-
nation with 0.02 M mannitol was not significantly different from that 
with water or half-strength extract, but germination with water was. 
significantly different from that with half-strength extract (O.OOf con-
fidence level). It appears that at lower concentrations (0.025 M) the 
inhibitory effects of the extract on germination of P. sitchensis can-
not be separated from the concentration effects, but at concentrations 
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TABLE IV 
CHI-SQUARE ANALYSIS OF GERMINATION RATES IN TSUGA HETEROPHYLLA 
AND'PICEA SITCHENSIS BIOASSAYS 
20 
Confidence level for difference observed 
Treatment Contrast 
T. heterophylla P. sitchensis 
Extract vs. water 0.001 0.001 
Extract vs. 0.05 M mannitol 0.001 0.01 
Water vs. 0.05 M mannitol ns 0.005 
~ Strength 
vs. water ns 0.001 Extract 
~ Strength 
vs. 0.02 M mannitol 0.05 Extract ns 
Water vs. 0.02 M mannitol ns ns 
21 
of 0.05 M, the toxic effects of the extract can be seen to be signifi-
cantly greaterthan the concentration effects. 
Effect of Aqueous Rhododendron macrophyllum Leaf Litter Extract on 
Radicle Growth 
Aqueous extracts of ·dried Rhododendron macroplhyllum leaf litter, 
when added to the germination dishes, significantly reduced radicle 
growth (0.05 confidence level) in Bromus tectorum, Picea sitchensis, 
Pseudotsuga menziesii, and Tsuga heterophylla when compared with con-
trols (Table V). Similarly, when diluted to half-strength with . 
distilled water, the aqueous extract significantly reduced radicle 
growth in K• sitchensis and .!.· heterophylla when compared with controls. 
Radicles of Epilobium angustifolium were not measured due to their 
minute size • 
. When sucrose was added to the B. tectorum dishes, mean radicle 
length tended to decrease with increasing concentration (Table VI). 
Radicles from seeds treated with sucrose concentrations of 0.05 Mor 
greater were significantly. smaller than those from seeds treated with_ 
water. However, the reduction in radicle growth caused by the 0.05 M 
sucrose in the concentration bioassays (radicle length 72% of controls) 
was not as great as the reduction in radicle growth caused by the 0~05 
M extract solution (radicle length 33% of controls). 
When mannitol ·was added to the K· menziesii dishes, mean radi~le 
length tended to decrease with increasing mannitol concentration (Table 
VI), although only those· seeds which were grown in mannitol concentra-
tions of 0.15 M or greater produced radicles significantly smaller than 
those from seeds grown in water. Here also the reduction in radicle 
1 
j 
TABLE V 
RADICLE GROWTH OF TEST SPECIES WHEN TREATED WITH AQUEOUS 
RHODODENDRON MACROPHYLLUM LEAF EXTRACT, 
EXPRESSED AS PERCENT OF CONTROL 
Treatment 
Species 
Extract ~ Strength Extract 
Bromus tectorum c 
Picea sitchensis 
Pseudotsuga menziesii c 
Tsuga heterophylla 
22 
aSignificantly different from controls at 0.001 confidence level 
as determined by the t-test. 
bsignificantly different from controls at the 0.05 confidence 
level as determined by the Student-Newman-Keuls test. 
cNot tested. 
23 
TABLE VI 
RAPICLE GROWTH IN'BROMUS TECTORUM AND'PSEuDOTSUGA MENZIESIIbWHEN 
TREATED ~ITH AQUEOUS SOLUTIONS OF SUCROSEa AND MANNITOL, 
EXPRESSED AS PERCENT OF CONTROL 
Concentration, moles-liter-1 
Species 
0.01 0.02 o.os 0.10 ' 0.15 0.20 
Bromus 84 93 72c 65C sic 22c tectoruma 
Pseudotsu~a 
menziesii 116 100 96 81 75c 55c 
8 Bromus tectorum seeds were treated with sucrose. 
bPseudotsuga menziesii seeds were treated with mannitol. 
cSignificantly different from controls at the 0.05 confidence 
level as determined by the Student-Newman-Keuls test. 
24 
growth caused by· the 0.05 M mannitol (radicle length 96% of controls) 
was not as great as the reduction caused by the 0.05 M extract solution 
(radicle length 11% of controls), suggesting that most, if not all, of 
the inhibitiop observed in the extract treated seeds of B. tectorum and 
P. menziesii was due to a toxic ~omponent of the extract rather than to 
concentration effects. 
In the.'.!.· heterophylla and R_. sitchensis bioassays, in which the 
mannitol and leaf litter extract bioassays were conducted simultaneous-
ly, mean radicle lengths tended to decrease with increasing mannitol 
concentrations (Table VII). Radicles from.'.!.• heterophylla and P. sit-
chensis seeds treated with mannitol concentrations of 0.05 M or 
greater were sig~ificantly smaller than those from seeds treated with 
water (Tables VII, VIII). Radicles from extract treated seeds, however, 
were significantly smaller than those from 0.05 M mannitol treated 
seeds. These results indicate that although concentration effects can 
reduce radicle growth in T. heterophylla and f· sitchensis, the 
reduction in radicle growth seen in the seeds treated with the leaf 
litter extract and half-strength extract must be largely attributed to 
toxic components of the extract 
Discussion 
Analysis of germination rates and mean radicle lengths of all 
five test species suggests that although concentration can have inhibi-
tory effects on both germination and radicle growth in laboratory bio-
assays, concentration alone cannot account for .the reduction in germi-
nation and radicle growth seen in the seeds treated with aqueous 
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TABLE VIII 
ANALYSIS OF MEAN RADICLE LENGTHS IN PICEA SITCHENSIS AND TSUGA 
HETEROPHYLLA BIOASSAYS BY STUDENT-NEWMAN-KEULS TEST --
Ranked Treatment Means 
Species Student-Newman-Keuls 
Treatment Mean, mm Analysis a 
(). 01 M mannitol 11.3 
Water 9.3 
0.02 M mannitol 9.1 
~ strength extract 7.9 
Tsuga 0.10 M mannit.ol 7.0 heterophylla 
O. 05 M mannitol 6.8 
Extract 5.2 I O. 20 M mannitol 4.0 '~ 0.15 M mannitol 3.9 
Water 30.1 
0.01 M mannitol 28.8 
0.02 M mannitol 28.l 
0.05 M mannitol 18.2 
Picea 
~ens is 0.10 M mannitol 17.6 
~ strength extract 14.3 
0.15 M mannitol 12.8 
Extract 9.3 
O. 20 M mannitol 8.4 
aAny two means which do not fall within the same range indicated 
by a vertical bar to the right of the treatment means were determined 
to be significantly different at the 0.05 confidence level by the 
Student-Newman-Keuls test. 
26 
27 
extracts of Rhododendron macrophyllum leaf litter. This would indicate 
the existence of a toxic component in the extract which is· responsible 
for the inhibition seen. 
The mechanism of reduction in germination and radicle growth was 
not studied. However, it was observed that in those seeds that did 
ger~inate in the extract treatments, the root tips were often necrotic 
and with few root hairs, compared to control seedlings. In addition, 
many: of the non-germinated seeds in the extract treated dishes sup-
ported heavy fungal growths. Fungal·growths were seldom found in the 
control, mannitol, or sucrose treated dishes. It is possible then 
that, rather than having a direct allelopathic effect, the extract 
could serve as a nutrient source for fungi or other microorganisms 
which could attack the seeds or produce phytotoxic substances them-
selves. 
FIELD STUDY - VEGETATION PATTERNS .AROUND RHODODENDRON 
MACROPHYLLUM PLANTS IN A WESTERN CASCADES CLEARCUT 
In the 97 belt transects which were analyzed, 25 plant species 
(some not specifically identified), or species-groups, were encountered. 
The effect of Rhododendron macrophyllum on the distribution of thes~ 
_species was broken down into two components: a) the effect on species 
presence or absence, and b) the effect on individual species densities 
and on total plant density. 
Effect of Rhododendron macrophyllum on Species Presence 
Several species appeared to show definite patterns of distribu -
tion when frequency of presence was measured as a function of distance 
l 
28 
from_!. macrophyllum drip lines. When analyzed by linear regression, 
four species showed significant positive correlation coefficients (0.05 
confidence level) when· total frequency per quadrat was regressed on 
distance from R. macrophyllum drip line (Table IX): Anaphalis margari-
tacea, 'Epilobium angustifolium, Rubus spp., and grass species 'B' 
(Figure 2). Two species had significant negative correlation coeffi-
cients: Arctostaphylos uva-ursi and Gau1theria.shallon (Figure 3); 
The !emaining· species encountered either had non-significant correla-
tion coefficients (11 species) or occurred too infrequently to 
reasonably subjec~ to statistical analysis (8 species). 
The correlation coefficient of grass species 'B' may be mis,.... 
leading, as this speci~s occurred only in two belt transects, located 
in the same somewhat moist area. The grass was quite abundant here and 
may have been responding more to moisture than to any relationship with 
_!. macrophyllum. Grass species 'B' did, however, increase greatly in 
density with increasing distance from R. macrophyllum drip lines 
within these two transects (see Figure 8~ in next section). ~margari­
tacea, !· angustifolium, and Rubus spp. each showed a significant 
linear relationship between frequency of presence and distance from R. 
macrophyllum drip lines, suggesting the existence of some sort of 
interaction, be it competition or allelopathy, with!· macrophyllum. 
Linear regression, of course, only shows whether there is a 
linear relationship between two variables. The absence of a significant 
linear relationship does not necessarily rule out a non-linear inter-
action between variables. Three species - Gnaphalium microcephalum, 
Hieracium albiflorum, and grass species 'A' - increased in frequency 
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of presence out.to 0.8, 0.8, and 0.7 m respectively, after which their 
frequencies did not increase any further or actually decreased (Figure 
4). This may i~dicate that competition or allelopathy by _g_. macro-
phyllum may not extend out to 1.5 m for these species. Clearcut sites 
in the western Cascades can be very harsh environments. The soil at 
the study site ~as shallow and rocky. In late summer, when this study 
was conducted, soil surface temperatures can.be very high. R. macro-
phyllum, however, often forms relatively dense stands in this environ-
ment. (One reason may be its existence as a residual species with 
already well-developed root systems.) By limiting the placement of my 
belt transects to those areas where no two !• macrophyllum plants were 
within 3.0 m of ~ach other, I may have been selecting areas where 
little vegetation, of any type, could be supported. 
The two species with significant negative correlation coeffi-
cients, Arctostaphylos uva-ursi and Gaultheria shallon, are both 
members of the family Ericaceae, as is !· macrophyllum. This would 
suggest a resistance to phytotoxins produced by !_. macrophylium due to 
common metabolic pathways. These two species are then able to exist in 
those areas left less populated by other species excluded by !_. macro-
phyllum. Other ericaceous species encountered in the belt transects 
were Chimaphila umbellata and Vaccinium spp., both with only slightly 
positive correlation coefficients (Figure Sa, b). 
Berberis nervosa, a low shrub occupying habitats similar to those 
occupied by Q_. shallon, like .§_. shallon showed a tendency to decrease 
in frequency of presence with increasing distance from R. macrophyllum 
dri~:lines (Figure Sc). 
5 (a) Gnaphalium microcephalum 
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Figure 4. Frequency of presence of plant species within 0.5 m 
wide belt transects lead·ing fr~m R. macroph,Yllum drip lines. 
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When mean number of species present per quadrat was plotted 
against dist~nce from R~ macrophyllum drip lines (Figure 6), there was 
seen· a general trend of increasing number of species with increasing 
distance from!· macrophyllum drip lines. When analyzed by linear 
regression, however, the correlation was not significant (r = 0.3800). 
The number of quadrats with at least one shoot of any species 
present increased slightly, but not significantly, with increasing 
distance from!· macrophylll.lln drip lines (Figure 7). There was a 
large increase in the two farthest quadrats (1.3 - 1.4 and 1.4 - 1.5 m), 
but the explanation for this remains unclear. It may be due to 
sampling error. 
Effect of Rhododendron macrophyllum on Individual Species Densities and 
total plant density 
When the density of each species present was measured as a 
function of distance from Rhododendron macrophyllum drip lines, five 
species showed significant positive correlation coefficients when. 
analyzed by linear regression (Table X): Anaphalis margaritacea, 
Chim~phila umbellata, Epilobium angustifolium, Rubus spp., and grass 
species 'B' (Figure 8a-e). Only one species, Arctostaphylos uva-ursi, 
had a significant negative correlation coefficient (Figure 8f). 
However, Gaultheria shallon was not included in the individual species 
density counts due to difficulty in determining what was an individual 
plant. 
As noted, grass species 'B' data is from ·two belt transects only. 
It also should be noted that the .£~ timbellata regression line is 
significantly positive on the basis of zero plants in the 0.1 - 0.2 m 
.µ 
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Figure 8. ·Mean density of plant species within 0.5 m wide belt 
transects leading.from!_. macrophyllum drip lines. 
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Figure 8.--Continued 
43 
1.5 
1.5 
1.5 
1.5 
quadrat and two plants in the 1.3 - 1.4 m quadrat, with one plant in 
each of the other quadrats (Figure Sb). 
44 
Of those species without significant correlation coefficients, 
Hieracium albiflorum (Figure 9d) showed a sharp increase in density out 
to 0.5 m, after which density increased no further. Similarly, Epilo-
minutum (Figure 9b) and grass species 'A' (Figure 9e) increased in 
out to .0. 4 m and 0. 7 m, respectively, after which points 
did not increase any further. Gnaphalium microcephalum (Figure 
and Berberis nervosa (Figure 9a) showed general tendencies to 
rease in density out to 0.8 m and 0.7 m, respectively, but with 
sidrable fluctuations in these trends out to those points. Density 
of B. nervosa st~adily decreased after 0.7 m. 
Of the ericaceous specie~ measured, Vaccinium spp. (Figure 9f) 
sh wed little correlation of density with· distance from!· macrophyllum 
dr p lines. Vaccinium spp., however, did actually decrease in density 
ou to 0.5 m, after which it increased back to initial levels. As 
noted earlier, density of A. uva-ursi (Figure 8f) decreased signifi-
cantly with increasing distance from !· macrophyllum drip lines and 
density of .f · umbellata {Figure Sb) increased significantly (but with 
some question as to the biological significance). G. shallon was not 
included in the individual species density counts. 
When total plant (shoot) density per quadrat of all species 
(excluding Q_. shallon) was plotted against distance from R. macrophyllum 
drip lines, there was a significant increase in plant density with 
increasing distance (r = 0.8746; Figure 10). It should be remembered, 
however, that frequency of G. shallon presence decreased significantly 
10 (a) Berberis nervosa 
5 
0 0.5 1.0 1.5 
(b) Epilobium minutum 
10. 
5 
0 0.5 1.0 1.5 
10 (c) G~aphalium microcephalum 
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0 0.5 1.0 1.5 
Distance.from drip line (m) 
Figure 9. Mean density of plant species within Q .• 5 m wide 
belt transects leading from!· macrophyllum drip lines. 
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Figure 9.--Continued 
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Figure 10. Mean density per quadrat of all species present, 
excluding Gaultheria shallon, within 0.5 m wide.belt transects 
leading from R. macrophyllum drip lines. 
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with increasing distance from~· macrophyllum drip lines (Figure 3b), 
so that plant densities could also be correlated with presence or 
absence of G. shallon. 
48 
SUMMARY AND CONCLUSIONS 
Laboratory bioassays have shown that leaf litter of Rhododendron· 
macrophyllum contains water soluble substances which, when in aqueous 
solutions as low as 0.05 or 0.025 molar concentration, were shown to 
inhibit germination and radicle growth of certain species which are 
of ten found in association with R. macrophyllum. It. was shown that 
these concentrations were not great enough to cause, through osmotic 
pressure effects, the inhibition seen in the leaf extract bioassays. 
Whether these concentrations exist in the field at the appropriate times 
or whether the phytotoxic substances are stable for a sufficiently long 
time in the soil is not known. Nevertheless, the allelopathic potential 
-was demonstrated in these experiments. In addition, the above experi-
ments dealt only with th~ effects of aqueous effects of leaf litter. 
No attempt was made to assess the added effects of substances leached 
from living!· macrophyllum crowns in the laboratory, although extracts 
from intact crowns of shrub species have been shown to reduce germina-
tion and growth of subordinate vegetation (McPherson and Muller, 1969). 
Field studies attempted to measure the effects of !· macrophyllum 
on the surrounding vegetation in a western Cascades clearcut. It was 
seen that certain species form discernable patterns around R. macro-
phyllum plants. Four species declined in frequency of occurrence with 
increasing proximity to individual!· macrophyllum shrubs, while two 
spec~es, both ericaceous, increased. Five species increased in density 
50 
with increasing distance from!· macrophyllum shrubs. The single 
species which became more dense nearer to R. macrophyllum shrubs was 
also a member of the Ericaceae. Although not overwhelming, the evidence 
suggests that the slight depression of the surrounding vegetation is due 
to the release of allelochemics from the crowns and/or litter of R. 
macrophyllum. That certain members of the Ericaceae show increased 
growth in the vicinity of !· macrophyllum plants points to either a 
common response to environmental conditions or to the existence in this 
family of a resistance to the toxins produced by its members and an 
ability to survive in those areas left less populated by other species 
more susceptible to the toxins. 
Shrubs can influence the surrounding vegetation in a number of 
ways: competition for light, nutrients, and moisture, along with 
interference via allelochemics released from crowns, roots, and litter. 
It is therefor~ difficult to separate the effects of competition and 
allelopathy. Howeve~, the overall results of this study - inhibition 
by aqueous !· macrophyllum leaf litter extracts in the laboratory along 
with reduced vegetation surrounding !· macrophyllum plants in the 
field - strongly suggest that allelopathic control of vegetation by 
!· macrophyllum has a role in determining community structure in western 
Cascades clearcuts. 
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APPENDIX A 
DETERMINATION OF LEAF EXTRACT MOLAR CONCENTRATION 
FROM FREEZING POINT DEPRESSION 
Freezing point depression experiments were used to determine the 
molar concentration of three extract solutions which were prepared by 
identical methods from the same lot of dried Rhododendron macrophyllum 
leaves. In each·experiment a weighed .amount of dry solute was added to 
a volume of distilled water and the resultant freezing po.int depression 
was measured. F.ollowing this,. the frozen solution was melted and an 
additional amount of dry solute was added to the solution. The freezing 
point depression measurements were then repeated to check for precision 
I 
of molecular weight determinations. 
In all cases supercooling occurred before freezing of the solution 
took place. To estimate the true freezing point of the solution, that 
part of the cooling curve that was plotted after supercooling had 
occurred was extrapolated back until it intersected the cooling curve 
of the liquid solution. The extrapolated part of the curve was assumed 
to be linear (Shoemaker and Garland, 1967). The exact location and 
slope of the extrapolated curve was determined by establishing a 
regression line for t~ose points on the cooling curve which were plotted 
after supercooling had occurred. The freezing point of the solution 
was determined to be the point at which the regression line intersected 
the cooling curve of the liqu~d solution (Figure 11). 
(a) 
(b) 
time 
Regression line established for 
~these points 
'Supercooling 
time 
54 
Fi&ufe lL Cooling curves for solutions without supercooling (a) 
and with supercooling (b). After Shoemaker and Garland (1967). 
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Figure 12. Cooling curves for aqueous solutions of extract used 
in Bromus tectorum bioassays. (a) 0.6307 g solute in 15.0 ml 
water:--{b) 1.0406 g solute in 15.0 ml water. 
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Figure 13. Cooling curves for aqueous solutions of extract used in Pseudotsuga 
menziesii bioassays. (a) 0.5948 g solute in 12.0 ml water. (b) 0.8180 g solute 
in 12.0 ml water. 
63 
0.5 (a) 
0 c 6Tf • Q.36 
0 
-o.s 
-1.0 
-1.5 
-2.0 
-2.5 
-c..:> 0 
- 0 2 4 6 8 10 GJ 
~ 
::s 
"" (b) cu ~ 
G> 
~ 0.5 ~ 
6T = 0.44° C 
0 f 
-o.5 
-1.0 
-1.5 
-2.0 
-2.5 
0 2 4 6 8 10 
Time (min.) 
Figure 14. Cooling curves for aqueous solutions of extract used in a 
preliminary bioassay. (a) 0.6459 g solute in 12.0 ml water. (b) 
0.8689 g solute in 12.0 ml water. 
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Figure 15. Cooling .curve for an aqueous solution of mannitol, 
molecular weight 182 g-mole-1. 0.6052 g mannitol dissolved in 
12.0 ml water. 
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APPENDIX B 
GERMINATION RATES AND MEAN RADICLE LENGTHS 
OF TEST SPECIES IN BIOASSAYS 
l 
TABLE XV 
GERMINATION RATES AND MEAN RADICLE LENGTHS OF BROMUS TECTORUM, 
EPILOBIUM ANGUSTIFOLIUM, AND PSEUDOTSUGA MENZIES!! 
IN LEAF EXTRACT BIOASSAYS 
Species Treatment Germination Mean radicle length n (%) (mm, ± SD) rate 
Bromus Water 60 97 10. 2 :t 4.5 
tectorum 
3.4 ± Extract 60 65 2.5 
Water 400 81 
Epilobium Extract 400 62 
an8ustifolium 
~ strength 400 67 
extract 
Pseudotsuga Water 207 82 24. 0 ± 11.1 
menziesii Extract 189 3 2~6 ± 1. 8 
66 
TABLE XVI 
GERMINATION RATES AND MEAN RADICLE LENGTHS 
OF BROMUS TECTORUM IN SUCROSE BIOASSAYS 
67 
Sucrose concentration Germination Mean radicle length 
(moles-liter-1) n rate (%) (mm zSD) 
0.0 (water) 30 97 10.1 ± 4.3 
0.01 40 100 8.7 ± 3.8 
0.02 40 98 9.4 ± 3.8 
0.05 40 100 7.3 ± 3.6 
0.10 40 100 6.6 ± 3.7 
0.15 40 93 5.2 ± 2.9 
0.20 40 95 2.2 ± 1.8 
TABLE XVII 
GERMINATION RATES AND MEAN RADICLE LENGTHS OF 
EPILOBIUM'ANGUSTIFOLIUM AND'PSEUDOTSUGA 
MENZIESII IN MANNITOL BIOASSAYS 
68 
69 
TABLE XVIII 
GERMINATION RATES AND MEAN RADICLE LENGTHS OF 
PICEA SITCHENSIS AND TSUGA'HETEROPHYLLA IN 
BIOASSAYS WITH LEAF EXTRACT AND MANNITOL 
Germination Mean radicle Species Treatment n rate (%) length (mm ±sn) 
Picea Water 250 81 30.1 ± 15. 4 
sitchensis 
Extract 250 49 9. 3 ± 6.9 
~ strength 250 64 14.3. ± 9.1 
extract 
0.01 M mannitol 100 75 28.8 ± 14·. 6 
0.02 M mannitol 100 73 28.1±14 .• 1 
0.05 M mannitol 100 65 18. 2 ± 11. 7 
0.10 M mannitol 25 56 17.6 ± 9.0 
0.15 M mannitol 75 63 12.8 ± 7.7 
0.20 M mannitol 100 35 8.4 ± 6:. 6 
Tsuga w.ater 250 76 + 9. 3 - 5;. 5 
heteroEh~lla 
+ Eixtract . 250 42 5. 2 - 3.2 
~ strength 250 68 + 7. 9 - s.o 
extract 
0.01 M mannitol 100 72 + 11.3 - 5.5 
0.02 M mannitol 100 80 + 9 .1 - 5;·. 4 
.. 
0.05 M mannitol ioq 66 + 6.8 - 4~. 0 
0.10 M mannitol lOQ 66 + 7 .o - ·3. 9 
I 
0.15 M mannitol 100 43 3.9 ± z:·. 8 
0·• 20· M .. mannitol .. .. 100 .. . 61 + .. 4.0 ... ·2. 6 
APPENDIX C 
LITERATURE REVIEW· 
Early Research on Allelopathy 
The term for allelopathy, the inhibition of one plant by another 
through the release of chemicals into the environment, was not coined 
until 1937 by Molisch, but the theory began to develop over a century 
previous to this. De Candolle (1832) was one of the first to formalize 
the theory of allelopathy by suggesting that soil exhaustion by certain 
plants might in fact be due to phytotoxic excretions from roots. 
Stickney and Hoy (1881), noting the paucity of vegetation under black 
walnut trees (Juglans nigra), suggested that this lack of vegetation 
was caused by the poisonous drip from the leaves. Schreiner and his 
co-workers '(Schreiner and Reed, 1907, 1908; Schreiner and· Shorey, 1909; 
Schreiner and Sullivan, 1909) showed that the soil exhaustion resulting 
from continuous one-crop agriculture was due to the addition of growth 
inhibitors to the soil by the roots of crop plants. An unidentified 
inhibitor involved in soil exhaustion by cowpeas (Vigna catjang) was 
extracted from the soil by Schreiner and Sullivan (1909). They found 
not only that this substance inhibited the growth of cowpeas but that 
the soil from which it was extracted was no lo.nger inhibitory (Rice, 
1974). 
In addition to soil fatigue, the fact that many plants do not 
grow well together had long been noticed. That inhibition of one plant 
71 
was due to more than competition for light, moisture, or nutrients was 
shown early by Pickering (1917, 1919). Pickering (1917) demonstrated 
that water that·was passed through soil in which certain species of~ 
grass were growing inhibited the growth of apple-tree seedlings, while 
water that was passed through soil alone did not. This suggested that 
the inhibitor was.produced by the grass and carried in the water (Krebs, 
1972). 
During the 1920's several workers again observed that black wal-
nut trees had an inhibitory effect on certain plants growing under and 
around them. Cook (1921) noted that potato and tomato plants grown' 
near black walnut suffered from wilting and that apple trees· grew 
poorly. Massey (1925), in a study of the inhibition of alfalfa and 
toma~o plants planted under and around black walnut trees, noted th~t 
the zone of dead alfalfa plants covered an area two to three times the 
area covered by the tree canopy. He concluded that this zone must 
correspond to the area occupied by the walnut roots. Massey went 
further to show that when pieces of bark from walnut roots were added 
to water cultures of tomato plants, wilting resulted, and that when 
pieces of root bark were added to soil in which tomato plants were 
growing, reduced growth resulted. 
Similarly, Schneiderhan (1927) observed that black walnut trees 
.could injure or kill apple trees up to a distance of 80 feet. 
In an attempt to find the toxic substance involved, Davis (19~8) 
extracted from the hulls and roots of black walnut the substance 
juglone (5-hydroxy-a~napthaquinone). This compound was shown to be: 
quite toxic to tomato and alfalfa plants when injected into their 
I . 
I 
I 
l 
72 
stems. 
Elmer (1932) found that volatile ·substances from four varieties 
of r~pe apples inhibited normal sprout development o~ germinating 
potatoes when the potatoes were placed in closed containers or in 
closed rooms with ripe app~e fruits. This work with ripe apple fruits 
was continued by Molisch (1937) who formalized the theory of allele-
pathy and gave it its name, although his definition covered both harm-
ful and beneficial chemical interactions between pl~nts. At the same 
time Loehwing (1937) published a review on the subject of plant-
produced toxins. He concluded, however, that the theory of differential 
plant growth inhibitors had yet to be conclusively proven and that it 
was of little consequence (Rice, 1974). 
Bode (1940) and Funke (1943) found that leaves of Artemesia 
absinthium excreted a substance, absinthiin, which was washed off by 
rainfall into the soil, where it inhibited the surrounding vegetation 
up to one meter away. 
Bonner and Galston (1944) noted that in agriculturally planted 
guayule (Parthenium argentatum), seedlings never grew under larger 
plants. Additionally, those plants in the edge rows of 'the plantings 
were much larger that those in the center of the plots. Bonner· and 
Galston identified the toxin involved as trans-cinnamic acid, which.was 
exuded from the roots of guayule. Guayule seedlings were extremely 
sensitive to this compound - 100 times as sensitive as tomato plants -
in their experiments.· 
Went (1942) noted that annual plants were seldom associated with 
l 
1 
73 
Encelia farinosa, a desert shrub in California. He suggested that they 
were excluded by phytotoxic root exudates. Experiments by Gray and 
Bonner (1948) showed that this lack of annual species was due to a 
compound produced in the leaves of 'Ertcelia·fatinosa and released from 
decomposing leaf litter. The inhibitory substance in the leaves was 
isolated and identified as· 3-acetyl-6-methoxy- benzaldehyde. It was 
additionally found that this toxin was selective - while tomato, 
pepper, and corn were greatly inhibited, Encelia seedlings, barley, 
oats, and sunflower were resistant to inhibition. It was similarly 
shown by Massey (1925) and Brooks (1951) that the black walnut toxin 
was selective in its effects. 
It had also been observed that fruit trees often do not grow well 
when replanted in.soil that has previously grown the same species -
referred to as the "replant problem" (Borner, 1960). This had been: 
particularly noted for peaches (Proebsting and Gilmore, 1941; Proeb-
sting, 1950), and apples (Borner, 1959). It was determined that a 
toxic component involved in the peach replant problem might be amyg-
dalin, exuded by peach roots. The breakdown products of amygdalin were 
shown to be toxic and Patrick (1955) suggested that microorganisms in 
the soil utilize the· amygdalin and produce substances ·toxic to peach, 
roots. 
Beginning with Evenari's (1949) review on seed germi~ation innibi-
~ 
tors, several major reviews on allelopathy or aspects.of it have been 
. published. Bonner (1950) reviewed the literature on the role of toxic 
substances in the interactions of higher plants and concluded that ~any 
plant interactions may be.chemically influenced. 
74 
Grunnner (1955) proposed a system of nomemclature for types of 
plant-produced toxins, b~sed on the type of plant producing the toxin 
and on the type of plant being affected. 'He applied the name "koline" 
to those inhibitors produced by higher plants and inhibitory to higher 
higher plants. 
Garb (1961) reviewed the literature on differential growth inhi-
biters produced by plants. Borner's (1960) review focused on the role 
of plant-produced toxins in the soil sickness problem. Tukey (1969) 
also discussed the implications. of allelopathy in agriculture. 
Woods (1960) reviewed the topic of phytotoxic root exudates. 
Rovira (1969) covered the topic of root exudates in general. 
Rice (1974), in an entire book devoted to the subj.ect, covers 
almost all aspects of allelopathy. 
The Role of Allelo~athy in Vegetation Patterning and Plant Successinn 
Rice and co-workers have found several species of plants to 
produce phytotoxic· root exudates which may have significance in old-
field succession (Abdul-Wahab and Rice, 1967; Neill and Rice, 1971; 
Parenti and Rice, 1969; Rasmussen and Rice, 1971; Rice, 1968, 1971, 
1972; Wilson and Rice, 1968). Rice (1968) showed six pioneer species 
of grasses and forbs .. to produce root exudates which significantly 
reduced nodulation in innoculated legumes. He postulated that this~ 
... 
would slow the rate o.f succession by slowing the rate of addition of 
I 
nitrogen to the fields. Parenti and Rice (1969) found root exudates of 
crabgrass (Digitaria· .s.anguinalis) to be toxic to ·other early pioneer 
species and to itself. For this reason it forms relatively pure stands 
l 
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which then rapidly disappear. 
Jackson and Willemsen (1976) similarly found root exudates of rag-
weed (Atilbtosia·artemisiifolia), a ·first year dominant, to inhibit the 
germination and. growth of early invaders of abandoned fields. Ragweed 
failed to become established, however, in plots. cleared of second stage 
vegetation (dominated by Aster pilosus) despite the large number of rag-
weed seeds present. 
Newman and Rovira (1975) tested eight species commonly found 
together in British grasslands for allelopathic influences on each 
other. Leachates from the soil from pots of all eight test species 
~ere inhibitory. Four species grew more slowly when receiving the~r 
' 
own leachates that when receiving leachates from other species. Three 
species showed the opposite response. 
Groner (1974, 1975) showed that established plants of Kalanchoe 
daigremontiana (mother-of-millions) inhibit the growth of daughter : 
plantlets that fall within the area covered by their root systems. 
Kalanchoe root exudates were al~o shown to be allelopathic to vari~us 
other test species. Davidonis and Ruddat (1974) showed that inhibitors 
released from the roots of the sporophyte of the fern Thelypteris 
normalis inhibited .. the growth of T. normalis gametophytes and young 
sporophytes. 
McPherson and .~hompson (1972) found that seedling growth of . 
understory plants in oak forests was inhibited by root exudates of : 
Quercus stellata and Sl• marilartdica~ 
Leaching from above-ground plant parts is probably th~ great~st 
? 
source of allelopathic compounds (Rice, 1974). Plants are known to be 
~ 
I 
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leaky systems. That large amounts of inorganic and organic substances 
are leached from above-ground plant parts has been well documented' 
(Tukey, 1966. 1971). Aqueous extracts of foliage and litter of a 
number of plant species have been shown to be allelopathic. Rice and 
co-workers have shown that in addition to phytotoxic root exudates, 
inhibitory leachates of leaves and litter of pioneer and seral 
species can have a significant effect on rates of succession in aban-
doned fields in the American midwest (Abdul-Wahab and Rice, 1967; Neill 
and Rice, 1971; Parks and Rice, 1969; Rasmussen and Rice, 1971; Rice, 
1968, 1971, 1972; Wilson and Rice, 1968). Rice (1974) has suggested 
.that pioneer species in old-field succession produce substances 
inhibitory to other species and to themselves. Due to autoinhibition, 
the pioneer species rapidly disappear and are replaced by the domitiant 
of the second stage, Aristida oligantha, which is resistant to the 
inhibitors produced by plants of the first stage (Wilson and Rice, 
1968). Old-fields are low in nitrogen and there is a correlation 
between sequence of successional species and their increasing require-
ments for nitrogen (Blum and Rice, 1969). The pioneer species, along 
with the dominant of the second stage, Aristida oligantha, and Andre-
pogon virginicu~, a.later successional dominant which often persists 
for years in dense stands, have all been shown to slow the rate of 
addition of nitrogen to the fields, through the inhibition of nitrogen-
fixing bacteria (Ric~, 1972; Blum and Rice, 1969), nitrogen-fixing : 
blue-green algae (Parks and Rice, 1969), and by inhibition of nodulation 
of legumes (Rice, 1968, 1971). 
Jackson and Willemsen (1976) found shoot extracts of Ambrosia 
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artemisiifolia and Aster pilosus to inhibit germination and growthiof 
early invaders of abandoned fields. Bazzaz (1975) attributed low 
species diversity during the fourth to tenth year of succession in 
southern Illinois fields to their allelopathic suppression by Andro-
pogon virginicus. Gant and Clebsch (1975) postulated that Sassafras 
albidum is able to maintain itself through many stages of old-field 
succession by allelopathic suppression of the understory. Aqueous 
leachates of leaves and litter and canopy washings of Sassafras reduced 
radicle growth of test species, 
Aqueous leaf extracts of ~ grispus inhibited seedling growth 
of Amararthus retroflexus. grain sorghum, and field corn, and inhibited 
germination of grain sorghum and radish (Einhellig and Rasmussen, ~973). 
Field sampling showed reduced plant biomass in quadrats near R. crifpus. 
Werner (1975) found that germination of·Di2sacus sylvestris (teasel) 
in field and greenhouse experiments was inhibited by litter from 
various plant species, most notably quackgrass, !\gropyron reRens. 
RE\moval of litter just prior to sowing greatly increased germination. 
l 
Petalostamon aattingeri (prairie-clover) has been found to limit the 
distribution of Arenaria patul~ in cedar glades in Tennessee (Turner 
and Quarterman, 1975). The inhibitors are leached from the living 
plants and from litter and are retained in the soil. Bell and Muller 
(1973) showed Brassies nigra to be allelopathic to weedy grass species 
in California annual grasslands, through the leaching of water-soluble 
toxins from standing dead stalks and from litter. Tinnin and Muller 
(1971, 1972) found leachates of the straw of Avena fatua to ba differen-
tially inhibitory to surrounding vegetation. The toxin was most 
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effective following the first rains of the growing season. 
Carley and Watson (1968) found that aqueous extracts of 23 plant 
species inhibited the germination of clover, lettuce, radish, and wheat 
seeds. Del Mor~l and Cates (1971) tested 40 species of ~estern 
Washington for allelopathic effects both in the field and in the labo-
ratory. Nine species were shown to be inhibitory both in the laboratory 
and in the field. These included six conifers and three woody angio-
sperms. Sixteen species were inhibitory in the laboratory but not in 
the field, five species showed interference in the field but no inhi-
bition in the laboratory, and ten species were neither inhibitory in the 
laboratory nor in the field. 
Bare areas occur not only under walnut trees but under various 
other trees as well, including hackberry (Celtis laevigata), sycamore 
(Platanus occidentalis), and oak (Quercus spp.). Seed germination and 
seedling growth of their respective associated herbaceous species have 
been significantly reduced by decaying leaves, leaf leachates, and soil 
from under hackberry (Lodhi and Rice, 1971; Lodhi, 1976), sycamore 
(Al-naib and Rice, 1971), and red oak and white oak (Lodhi, 1976). 
McPherson and Thompson (1972) also found leachates of green leaves of 
oak (Quercus stellata and _Q,. marilandica) to restrict growth of under-
story plants. Frei and Dodson (1972) suggested that the distribution of 
orchids which are epiphytic on certain species of Mexican oaks while not 
on others was .correlated with the absence of inhibitors in the bark of 
those species which supported the orchids. 
Del Moral and Muller (1970) found that the bare zone around-Euca-
lyptus·camaldulertsis trees was caused.by an accumulation.of.both water-
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.soluble inhibitors (phenolic acids) and volatile inhibitors (terpenes). 
Litter accumulates thr~ugh the summer and reaches a peak just before 
the onset of the winter rains. Volatile inhibitors are released by the 
leaves and are adsorbed tQ the soil particles. They also-accumulate 
during the dry season, so that inhibitors are at a maximum at the onset 
of the rainy season. 
Shrub stands in the California chaparral are characterized by 
sparse herbaceous vegetation and as such have been the object of several 
studies of al~elopathy. Shrub species in these areas have been shown to 
exclude other vegetation through water-soluble toxins leached from 
crowns and litter, thorugh volatile inhibitors released from leaves, or 
both. 
Leaf leachates of intact crowns of Adenostoma fasciculatum reduce 
growth of associated herbaceous species (Muller, 1966; Muller, Hanawalt, 
and McPherson, 1968; McPherson and Muller, 1969; Christiansen and 
Muller, 1975). 
Muller (1966, 1970) found that Salvia leucophylla, Artemesia 
caiifornica, and other aromatic shrubs release volatile terpenes which 
can inhibit vegetation to a considerable distance past the canopy edge. 
He noted that old Salvia stands were deteriorating in the centers, 
presumably due to auto-inhibition. 
Halligan °(1976) also found leaf volatiles, leachates, and soil 
from under Artemesia californica to be toxic to associated herb species. 
It was noted that this toxicity existed only at the ~eginning of the 
w~t season. Muller {1970) found that the effectiveness of the volatile 
, 
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toxins produced by·s~lvia also varied with the weather. Th~ effective-
ness of the water-soluble toxins did not. 
Water-soluble toxins are released from the crowns and litter of 
Arctostaphylos glartdulosa (Muller, Hanawalt, and McPherson, 1968; Chou 
and Muller, 1972) and!· glauca (Muller, Hanawalt, and McPherson, 1968). 
Salvia mellifera and Lepichinia calycina release volati.le terpenes. 
(Muller, Hanawalt, and McPherso~, 1968). All are effective in inhi-
biting seed germination and herb growth. 
The California chaparral is characterized by recurrent fires 
which destroy the shrub cover. Following fire or artificial removal of 
the shrubs there is a luxuriant regrowth of annual herbs and bulb-
forming perennials which were not evident prior to the fire. It is 
suggested that fire serves to remove the s'ource of the toxins (the 
shrubs) and to destroy some of the toxins present in the soil. The 
herbs appear as a result of germination of seeds which have been held 
dormant in the soil, inhibited by the toxins. As the shrubs regenerate 
from surviving ~oots and from seeds, the herbs are again eliminated 
(Muller, Hanawalt, and McPherson, 1968; McPherson and Muller, 1969; 
Chou and Muller., 19.72; Rice, 1974). 
I 
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